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(54) DEHUMIDIFICATION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform successful humidity control in: 
a dehumidification apparatus for adjusting dehumidification capacity 
by using a separation membrane module and supplying purge air on a ; 
secondary side. 

SOLUTION: The dehumidification apparatus has a humidity 
measuring means 21 for measuring humidity of dry air discharged 
from a separation membrane module 1 , a flow rate adjusting means 
20 for adjusting the flow rate of the purge air to a purge air supply part j 
8, and a control means 22. The control means 22 outputs a control 
signal which is continuously changed so that a humidity measured 
value measured by the humidity measuring means 21 can agree with ; 
a humidity set value set by a humidity setting device 23 to the flow rate 
adjusting means 20, and thereby the flow rate of the purge air is 
continuously adjusted. 



T. 
4*rrr 



•.-.-.Of.-.:. * 

11 



XL. 




no 



LEGAL STATUS 

[Date of request for examination] 27.07.2005 
[Date of sending the examiner's decision of rejection] 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAWvaGOrDA416057986Pl.htm 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



JP 2004-57986 A 2004.2.26 



(19)B*Sftftff(jl>) 



02)g m^mst saw 



(ii)«*ajjH&H** 

43BB2004-57986 
(P20O4-57986A) 
(43) ^KB ?jf16*2B26B(20O4.2.26) 



(51) Int. CI. 7 
B01 D 53/28 
B01 D 53/22 
B01 D 65/08 
F24F 3/14 



F 1 



BO ID 53/26 

BO ID 53/22 

BO ID 65/08 

F 2 4 F 3/14 



3L053 
4D006 
4D052 



smtx rnxxo® 6 o l (± 12 m> 



(21) «H»^ *SB2002-222117(P2002-222117) 

(22) HUSH ¥*S14#7J!30B (2002. 7. 30) 



(71) tM8A 390014568 

SWSAfflBSIfflJiTB 3 7S 1 ^ 
(74) Km A 100082843 

(72) #)n a 

S«SfiB*BBBiSB5TB3 7»l# 

(72) UBS «Ct 

mSCf?*ffiK3tfflETB3 7*l^ «S 

(72)%w# mm mm 

F;«r-A(#%) 3L053 BC01 BC05 BC10 



(54) ummzm besss 



(57) Ggft] 

rang 5mks*i-/i>*»bu zorxmicji.- 

zimmssmmz 1 fc«fc^sgaistt*^gs^8S2 
cmrni mi 




(2) 



JP 2004-57986 A 2004.2.26 



C«fHFSS3R©fEH3 

^st«i&»8'\o^-3;st[o«Efi*siSE-rs«iaafiE#a2 oi, mm^mz 2 tzm 
if. 

2 ] 

fcij^T, iuffifMSP^S 2 2 fcfc P M. P llfff fttiP I Dgifi^frScfc* 

CW*« 3 ] 

So 

4 ] 

i u 3 ov-f tifrias^x. mM-t^.t^.%K-D^r <omnm^.^fs. 3 o , h 

*88«¥a 3 1 , fi®8!)MS3 2:fc<fctfiIgai£?g3 3© / >&<i:&lo£Ktt > 
[MS* 5 ] 

^isK : e^a-;i'i^p.sfm-r5^^^^<Djis^iffl^-r5SS«!i^¥©2 it. ttiss 
a^ss#S2 o t. mm^®2 2 t*m.v. 

5 tmmmicmitt zmwm*i*Biimwimmm^m2 0 \c&t)L. ^tuca-oxmmmm 

So 

6 ] 

[ 0 0 0 1 ] 
[ 0 0 0 2 ] 

xm^&mf? y hmicmmz tizQ&m&micit&m l tern l 
i£ss^fe5o^riffiie«aT-^^^ffij8LT#p>n5Jinffi^Mt(±*^^^tyiii:A^^© 

p^tc^MSSA^ttenSo 

[ 0 0 0 3 ] 



JP 2004-57986 A 2004.2.26 



-f&m%®mi3js.ic avails. zi&ma.. e cfte>©*-c-#8igi:i£ 

fc^SMtf iS < SSfc'hgHk L^"r^©T-. i6*£<SIJftt^5„ - & tc # St it S 

CD C V 1 Ofitfa-*, F -f y O B E K0I11O 4 0 2 Olt^a-^A'JS. 
[ 0 0 0 4 ] 

08«*£*#&$£^fc#&]l ; e^a-/l/©»tffiB, 0 9 «**•©#&& a- 71/ £ 
ffl^f:K;lgSo^n'bX7D-BT-$5„ 0 8 J; o fc , * s> a - )l l a IS 

#©£§§ 2 i: , *©g»2rtfc£«*taTJRgSftfc*$*#*«3*±S»i:UT^* 
. C ©*£&#&$ 3 ttfOiBJSlcgtftafttil&SilTL&S' ^©ililflfiTktffcfflil 10 

85 3 ©jaaigSMi&gg 2 tc^fli*-;l/ F Lfc5t#»*f 4 , 5(C5£ft?tU APg&6i:ttJP 

[ 0 0 0 5 ] 

XP«63^6WXbfc3S«tt*2S*»«IR3 (rtffll) * i§ & 1" 5 m lc „ -^{ffli: 

BfciSSft, Ki^tt4?TffiP97 6 & fc # Hi T S o 4>£&#St§i 3 ©r^lUtcti 
8 fc/<-27gaff WgP 9 A' Sit /<-S?a!««»* 8 

#&2ttfc7j<#ftW1-^£^K|!0#LTtt$KPW;*nS©T^ r^icig (t&*>-& 20 
TkMtfffiM) *ffiT?t5<:t*iff5. ftoT, 7*-;S7£§v©M£itftnf * c i: 

[ 0 0 0 6 ] 

H9£^T, #*§t*5>A-* 1 ©AP» 6 !CI4a»jKffi««fr &©B* 1 OA'SMJtl 
, fflP»7 (CttfittM-^CBS 1 l«llK24l«. * UT»«iltS?a-;H 
MMe»«bTI8tI81S«l«t8i|^ttt, ^Htfa-AlEMLftfill 0 

ttsi 1 #*n* f nttaie#tt«n*. 

[ 0 0 0 7 ] 

Ef 1 1 fr&7<-S>Eflf 1 Z#»«2tl, *©7<-3>E* 1 2 (CWJKiCOPaK^ 1 3A'l 30 

tt^nso c©h{§b§#i 3«e@i i ^jjgn5^js^^<D?ga («wss) swjeutw 
»M*a2j"r*H£wii»i 4fc<toTON-oFF©jaii?n5o s £ m 0 g 1 4 « & 

ttffiftOBAfltRSg'filJ: 9 1g< fc5£HB!# 1 3 * HJ * WIHI** m* U & < & 5 t 
[ 0 0 0 8 ] 

m i o as 9 ©i*a^B©g£:Rtt£KiP!-r 5H-e«s. ^<is^©jgg^^(c@as^ 

fltK-a**SJ:3ca*W«P»l 4(itiCON-OF Ff&J«»«^^tU7Jb^ttSOT-, 
HGB#l3fc*K:BI!-BH»ff*»93gU» £*i£M©TSg{iS£ffi£#A,T-± 

[ 0 0 0 9 ] 40 
L £ 3 fcf 5 SIS] 

±.m<D£5 icmm# i 3 ^«SRfc:ia-aiiff*«oii-r hb§# 1 3 (om^ttm < * 0 

ftt^5tf^lv\ * c T*58Wtt;frfr5fi£5fe©R*ggg£:|5«- 5P^S*»St-r 3 c i: 
[0010] 



JP 2004-57986 A 2004.2.26 



i?£$\m&&^<D mm* mm? zmmmm^mt. mm^®tzmv . 

it? 5ffl®m^*mmwLmmm¥®icti!>tiL. z tit & T ffimmm^mft - vqum 
mzmmmic&itz&z <t o km Ltc z t tt®mt? % (mxmi) . 

[001 1 ] 

±5&®mmmic}3^T % ffiffiWa^attPftff, Pliif^SfcfiPlDffiif^^fTaci;^ 
T*£ S (SIM 2 ) „ 

[0012] 10 

) o 

[0013] 
[0014] 

Af SAPgBi:. l»fiLfcl£*2S«*»(f RO-3»Cl8*»6SFtB-r*mp»t , #«a<Z>- 20 

fc, fl-jafig^Mf smsim®*:, /*-s>2««i&a5'\©><-$>£»©i8a*nfi 

*R«fct5 (BfsRffl 5 ) „ 
[0015] 

*»£L;fc±H&H*4^J:3fciHH*Sy5y*¥a*S**Si:fctf-C*S (a#« 6 

) o 

[0016] 

*e*»w©naoaa*Hiiiej:»)Kwr«. 01 tt^aiiaic&sRisaBaiittoa 

S*it^ai:^7D-HT'$5. *J a. -;l 1 a m 8 ^ T fc O N « » ^£ 

«*tu ffip»7 Kaasa^oEg 1 ltf&asns. 

[0017] 

Eg 1 1 *6»(tt«/<-VEt 1 Z a-* I O-XifclltS^-S'a 40 

8 tcgisn, ?oA->'Eii 2 K.ttmm$:u&#* a be ana a 
E^$offli#«:if©Bi^«fc«iS*i8ai?*5«ifiaa#a2 otfatt&tis. st 1 1* 
vntiz&mQfvLvm&z&m? s^a, eh i fct±jgg (ffl^sg) »i£38asa£© 
saffl^^©2 i*a»6h, *<D«mattaftM^i: LTigisp^a 2 2 »ceM«tiSo 

[0018] 

«8¥a2Ztt«AtfCPU (fifeaHSB) , Ettas, Ata*^f^$tsv>f^D3y 

»ff««*fT«n*. so 



JP 2004-57986 A 2004.2.26 



femt&it&L. ffimmj£.mv&&M7Z.mic-$i? * & ? icmmmm^m 2 ofca^wfc 

C0019] 

■r%t>^Sg8Pl$ffli:ilfiS^ffi^a^<0<t9fi:?lt»$nT^<0(ill*^)fflig{J2 4(cA 
titti. &\®&Z 4 « *©<§£§ #§£&£<};5k:iffiffiSig¥g2 0 fc M ft fc £ ft f 5 ft] 
ftKI^toftTSo & 33 iffl 8P # 8 2 2(Cfett5^JSIgP2 4tt^]ffliyD^7AfCj:?)V7h 

(ommmwititmmm (pm*d . ttmmftm® (p i^sp) gfc»jt0!fli#tt#infp ( 

P I DM ft) fcilflT-tScfc-SKMSft^o Sfi^£8§2 3ttv-r^D3>ea 10 

[ 0 0 2 0 ] 

d, 3?J 81 IB *) £ m , Mffll|±l^<D^-Xffi?:m 0 tt5t, ffl®& 2 4 © ©J fill UJ *J m & % 
P 8?] ttm=Ke+m 0 . . P lMiO«§ttm=K (e+l/T-/edt)+ 

m 0 > P I D»||»0|^tini=K (e + i /T • / e d t + T d - de/dt) +m 0 

[ 0 0 2 1 ] 

0 2tt±IBI&J8P#IS2 2lCi§»JffllteI©l«*it0T'$5 o KI#|2 2«P I Mff 

dtp i mwrntficzowimmm^mz o ©eigaa^cj; a ic&mmic&T tr^ < 0 

^©*gS<Slg^^Stc«^-r5i:Mai¥©2 2t±*fc»pg#J&2 0 fc^Jgfc & i: OP^fifc 

0 1 0{C^LfcSe*<D73tetClt^T^L<«]M$n5o fcfe-IRWfclttJ:©*-.**:!- 
Mi, P IMtil&aft L K fi g T * £ < £5 tf, P I DMeH^SS?bfc^^ttt$ 6 

t mm t* * 5 RNUtt*'* 5 o 

[ 0 0 2 2 ] 

s^tfHiiDisiiii^s. ^oTHitracsu^tttii-^^^ffL, fiffitsaBfEa^ 30 

[ 0 0 2 3 ] 

Rfrjgf "<i*3gM#i5tt)If 5 St 1 0 ©Bit ft. SfifcitfSgfcffl^-rsfcii), 7D 

-^-^S J f»^a^8S*^Mgg^<DSSftS'J^#©3 0.^D-XS J f>7 , ;l'K>@^E^a!| 

feftmftmo&tiffljziim 3 1 , isi*fs* stjtssgiBj^«ffis^©MJssij^#©3 2 
s * *tf mmm&mm^m 2 1 £p?«&rggaii£?S3 3£Stt, %nt>M%.mitu®¥. 

6>&ai|£#©©5^©'>fc<i:felO*gftLT^tt£C£tfT?#5o 
[ 0 0 2 4 ] 

?eic, ii(cj;!) > mmummiz^m 3 2 ^saans^© 3 3 <oKt> 0 tc> ^©ss 40 

p.oail^M*Mffli?ia2 2te2ILT$'J®ffl/^^-^i:-r5c:i:tTt5, 
[ 0 0 2 5 ] 

&lgT^3?£!a<DiSittt, SI. if 5 t , 5? a ©Bfcil&g 

^gsa^-^cD^^-fiiaffie i 1 *» p>8&m-r s£*t£ acss #±#fs 0 $fc 

[ 0 0 2 6 ] 

ME©<fc5£lB i gl lCSttfcSKai^#©2 ifre>©Mltffl£ffitf$iJffii#S2 2{;:A*i 

?titi^oT\ &££§c©s&tf ±#f 5 tmm^m. z 2 it* nzTticmr & ? icmm so 



JP 2004-57986 A 2004. 2. 26 



[ 0 0 2 7 ] 

s-r^ssscoiiRfi, ff^i. as. jaiea if ©«^ffl*siiP¥a 2 2 iceaiu, 

m2 o icm^^rmm-r ^mwxm^iatit a v icm&tr^^o 10 

[ 0 0 2 8 ] 

04(±H3O^JSH¥S2 2<DMSIlS?:l«^-r5^D>y^0T-fe5o ffi»8i|56¥S3(K II 
e>&5/S7*-*M¥S3 6 - 3 9 CAftStU ?tl&'<?>t-*£&^g3 6 ~3 9 

2 3 T-mfeztircummfeMtfttsstzti. *®mm (e) fc±iei!nigfi^ a e t lt 

UliS?tl5o Ctie^7^-?fSfS 3 6 - 3 9 < <fc tffcl K gl ft « ©J » ¥ 

©2 2(7)EtiSi5tC^4i)1S^^nfc3?JfflI^ , Dy7^^C t };5y7hT*^fiKLfi0^tTSn.S 

o 

C 0 0 2 9 ] 20 

ffiSrBt^gili; Ltfsto 0>Jx.«^S-r^^^M<D8S»^ t 1 fc T M it ira -T 5 i: 
, ®#Wfc£jjELfc+Ae (igfi#±#Lfci:|IIl;{I*§) # 3?J BP 2 4 (C A ft S *l , ^tl 
tCioT$"JfflI^©2 2ttP I, P I D^JfflI^fCi'3gSttSIS^S2 0 fcfcHWfcgfc-T 5 

K«ffi«©S*ittTk:ilA*. *UTfl!l©/<7^--^3Vai!iLfct*feHia!8:*»fe:** 

^»«»*«fft>n*. ftfe¥iir©iw»sB)ff^*fTsnT^*is©{Ba e tt*«**fc(4* 

[ 0 0 3 0 ] 30 

Jt^fca. iiMif¥S3 4 $s£vmmM%.^&3 5 ©ta^^H 4 ©^ssa©* o tcum^ 

S22 5. 
[ 0 0 3 1 ] 

5. 0 6EB/f^nt^ft^)!i', #51 fa<DBm fcfct^T t> 0li:|5|«^»f8IK ; &> ? a-;l/ 40 
l^ffifflt. ; e<O/^-> ? E i gl2{CH^©SifaaSE¥©2 0^IS:^, 

tiMsEg i i ic0^©gasi^^© 2 i%8»t^8. z <btc*mm<DmmT*it, 
'umzmz.-? zu&mjzm® 3 4 „ ummmizm 40. sgg^&s^s 4 1 £^it. & 
SKjsuTjt«@Btcx**s«-«fi««^«[o±iB*iii«"r«u5y*¥a42*»» 

[ 0 0 3 2 ] 



JP 2004-57986 A 2004.2.26 



[ 0 0 3 3 ] 

£ H GUc & 3 © T- , BS<*>iiM£&J5¥l8 4 1 -p}Sa£fgj*Uc &»T £«, c©iS&gj5 
C 0 0 3 4 ] 10 

9*^7^14 2*n»ffla*iii3e , *-*fflsai^^a3 4oa*«nc»», ? 
y^fS4 2K«koT±n*aBi8«nfc^«jaiewjEffl[*iw«p*2 4 c xtj ltmeba 

i:tt«f Si a KfltlS LT^*. **5U5-y*#®4 2tSJ®#S2 2 *5 # 3 3?J ® 7 D 
[ 0 0 3 5 ] 

*E 0 6 oHHSoffffl *K Wt 5 k x S£tl£m<DiI&a'J£¥S 2 lA^cigitfifi 20 
itt£2*u ^<Dit«fflA^Jffiig|J2 4(i:A^?n5o ; e-n»c t koT»Jffli¥©2 2(i^otkt5[ 

«»¥a 2 2 # p nil. ?imm. p i Du^m<Dumm^ic^ommmm^&2 o^m 

[ 0 0 3 6 ] 

ic®7n<D&r> ic±mLtzt% % &m&%.<Dmm (B£) itmm®%.% 4 0 ■c»j£*nfcH 30 

[ 0 0 3 7 ] 

ft «r r« k s s«»-r * c t 

[ 0 0 3 8 ] 

<fc o Tnai?ao^a5A^ttE©ssa^^fTa c £ * 0 

[ 0 0 3 9 ] 



(8) 



JP 2004-57986 A 2004.2.26 



[ 0 0 4 0 ] 

o 

[ 0 0 4 1 ] 

[0ffi<Dffi#*itt^] 

[0l]*?S$C&5[$iSi£B<D||fiS©JfciS£^t-7DHrx:7o-0 o 

[02] si(D©jffii#S22t<fessjaiism(Difi?y^^-rSo 

[0 3]*^WfC#S^SSg<Dfte«D5ISSOJga^^-ryD-tX7P-Ho 
[04] 03(OMei¥©2 2©$iJ®^^ittWr^7D-y^0 <> 

[05] 0 4 <DfW8P££}3ttSiffiM<DA7P<-*g{[:i:> ^ tl JS C T £f£ L A e £ 
<Mlle(cinM»tfcg8#%«fK^3§i:UT^-r0o 

[06]*%^{u^5^SSS<O^6fi:SiJ(Dlli6ficD^^<D±Sa5^^-rWSi7u>y^0 o 

[07] B60M8#gt2 2®ffl9Pftft&Klil!-r«H. 

[08] *£&#JBIi*ffl^fc#«§i^a-/l/©»TiB0 o 

[0 9] 0 8O^II ; E^a-;l/$ffl^ftiSSia!»©^n-bX7u-0 o 

[01 o] 0 9 f>®mmm<Dm&$.mzmm? z &„ 

1 #8t§i*^a-;l/ 

2 §«s 

3 4>£*#*t§t 
4, 5 

6 APS 

7 mass 

8 ><-s>a»«tti&» 

9 /<-s?a»«*iH* 
io, ii 

12 M-yet 

13 mm # 

1 4 

2 o asauig^s 
2 i mmmm^m 
2 2 mm^m 

2 3 SS^SS 

2 4 ftlSPSB 

3 0 iffififlJS^© 



(9) 



JP 2004-57986 A 2004.2.26 



3 1 E^]ffl£fg 

32 m&mfe^m 

3 3 u&mm^m 

3 4 BAH£#a 
3 5 

3 6 - 3 9 

4 0 ia&H!85£g§ 

4 1 ®gSgj&&»#g 

4 2 U 5 v 



[0 1] [0 2] 




JP 2004-57986 A 2004.2.26 



[0 4] [0 5] 





[010] 



a 




53 

ft M 



(12) 



JP 2004-57986 A 2004.2.26 



F *-M#%) 4D006 CA41 HA02 JA58A JA63A KE12P KE13P KE13Q MA01 PB17 PB65 
PC72 

4D052 AA08 EA02 GA01 GA03 GB01 GB03 



http://www4jpdl.ncipi.gojp/cgi-biri/tran_web_cgi_ejje 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the air dryer which supplies especially purge air to secondary [ of a demarcation membrane ], 
and enabled it to adjust the dehumidification engine performance about the air dryer equipped with the demarcation 
membrane module. 
[0002] 

[Description of the Prior Art] 

It is necessary to stabilize and supply the dry pressurization air to the pneumatics device installed in works, various 
plants, etc. Since moisture is included in the pressurization air which compresses air and is acquired with an air 
compressor in many cases, a load system cannot be supplied as it is. Therefore, generally an air dryer is formed 
between an air compressor and a load system. 
[0003] 

Although there are a frozen formula, a drying-agent type, a demarcation membrane type, etc. in a general 
dehumidification method, since, as for a demarcation membrane type, dehumidification effectiveness also tends to 
miniaturize equipment highly in these, it is adopted widely in recent years, the demarcation membrane module which 
the demarcation membrane-type air dryer bundled many hollow filament demarcation membranes, and was generally 
held in the container - one - or two or more parallel connection is carried out, it is constituted and there are a Ube 
Industries valve flow coefficientlO mold module and a 4020 mold module made from BEKO of Germany as such a 
demarcation membrane module, for example. 
[0004] 

The sectional view of the demarcation membrane module with which drawing 8 used the hollow filament demarcation 
membrane, and drawing 9 are the process-flow Figs, of the air dryer which used the demarcation membrane module. 
As shown in drawing 8 , the demarcation membrane module 1 makes the principal part the hollow filament 
demarcation membrane 3 which bundled a large number and was held in the tubed container 2 and its container 2. This 
hollow filament demarcation membrane 3 has many detailed free passage holes on that side attachment wall, and has 
the aperture of the magnitude which that free passage hole passes [ magnitude ] moisture and does not pass a gas. The 
both ends of the hollow filament demarcation membrane 3 of a large number formed in the shape of a bundle are 
supported by the supporter material 4 and 5 which carried out resin mold into the container 2, and are carrying out 
opening to the inlet-port section 6 and the outlet section 7, respectively. 
[0005] 

While passing the upstream (inside) of the hollow filament demarcation membrane 3, the moisture contained by the 
upstream and secondary steam part pressure deficit permeates the film, separation removal dehumidification is carried 
out secondary (outside), and the air introduced from the inlet-port section 6 turns into dry air, and discharges outside 
from the outlet section 7. The purge air supply section 8 and the purge air discharge section 9 are formed in secondary 
[ of the hollow filament demarcation membrane 3 ]. Since the moisture divided into secondary by supplying dry air as 
purge air from the purge air supply section 8, and discharging from the purge air discharge section 9 accompanies to 
purge air and is discharged outside, secondary humidity (namely, steam part pressure deficit) can be reduced. 
Therefore, by increasing the flow rate of purge air, a steam part pressure deficit can be enlarged, the dehumidification 
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engine performance can be raised, by decreasing the flow rate of purge air conversely, a steam part pressure deficit is 

made small and the dehumidification engine performance can be made low. 

[0006] 

In drawing 9 , the piping 10 from an air compressor is connected to the inlet-port section 6 of the demarcation 
membrane module 1, and the piping 1 1 to a load system is connected to the outlet section 7. And in connecting the 
demarcation membrane module 1 to two or more juxtaposition and constituting an air dryer, piping 10 and piping 1 1 
linked to each demarcation membrane module 1 branch to juxtaposition, respectively. 
[0007] 

The purge piping 12 branches from piping 1 1, and the electromagnetic closing motion valve 13 is formed in the purge 
piping 12. ON-OFF control of this closing motion valve 13 is carried out by the humidity controller 14 which measures 
the humidity (relative humidity) of the dry air which flows piping 1 1, and outputs a control signal. The humidity 
controller 14 outputs the control signal which will be closed if the control signal which opens the closing motion valve 
13 will be outputted if the humidity of dry air becomes higher than the set point, and it becomes low. 
[0008] 

Drawing 10 is drawing explaining the operational status of the air dryer of drawing 9 . Since the humidity controller 14 
always continues outputting an ON-OFF control signal so that the humidity of dry air may always be made in 
agreement with the humidity set point, the closing motion valve 13 also always repeats open-close actuation, 
consequently the humidity of dry air overshoots greatly up and down on both sides of the set point. 
[0009] 

[Problem(s) to be Solved by the Invention] 

When the closing motion valve 13 repeats open-close actuation frequently as mentioned above, the life of the closing 
motion valve 13 becomes short, and there is a problem that the dependability of equipment falls. Moreover, since flow 
rate fluctuation of purge air is large, the humidity (overshoot) of dry air also becomes large as a result, and it is hard to 
say that the controllability is not necessarily excellent. Then, it makes for this invention to solve the problem in this 
conventional air dryer into a technical problem, and aims at offering the new air dryer for it. 
[0010] 

[Means for Solving the Problem] 

The air dryer concerning this invention which solves said technical problem is equipped with the demarcation 
membrane module which has the inlet-port section which introduces into the upstream of a demarcation membrane the 
air which should be dehumidified, the outlet section which discharges the dehumidified dry air from the upstream of a 
demarcation membrane, and the purge air supply section which supplies purge air to secondary [ of a demarcation 
membrane ]. And a psychrometry means to measure the humidity of the dry air which discharges this equipment from a 
demarcation membrane module, A flow control means to adjust the flow rate of the purge air to the purge air supply 
section, Establish a control means and said control means outputs the control signal which changes continuously so that 
the psychrometry value by the psychrometry means may be in agreement with the humidity set point to said flow 
control means. It is characterized by constituting so that a flow control means may change a purge air flow rate 
continuously by it (claim 1). 
[0011] 

In the above-mentioned air dryer, said control means can perform P-action, PI control, or PED action (claim 2). 
[0012] 

In the air dryer of one of the above, said humidity set point can be made adjustable (claim 3). 
[0013] 

In the air dryer of one of the above, at least one of the hydrometry means about the air which should be dehumidified, a 
pressure survey means, a thermometry means, and the psychrometry means can be prepared, and the deflection signal 
proportional to the change rate of those measured value can be inputted into said control means, and it can constitute so 
that predictor control of the humidity of the dry air influenced by it by those change may be performed (claim 4). 
[0014] 

Another air dryer concerning this invention which solves said technical problem is equipped with the demarcation 
membrane module which has the inlet-port section which introduces into the upstream of a demarcation membrane the 
air which should be dehumidified, the outlet section which discharges the dehumidified dry air from the upstream of a 
demarcation membrane, and the purge air supply section which supplies purge air to secondary [ of a demarcation 



http ://www4 . i pdl .ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 



membrane ]. And a psychrometry means to measure the humidity of the dry air which discharges this equipment from a 
demarcation membrane module, A thermometry means to measure an OAT, and a flow control means to adjust the 
flow rate of the purge air to the purge air supply section, Establish a control means and said control means outputs the 
control signal which changes continuously so that only the difference set up beforehand may become a low value from 
the OAT measured value by thermometry means by which the dew-point value corresponding to the psychrometry 
value by the psychrometry means measures an OAT to said flow control means. It is characterized by constituting so 
that a flow control means may change a purge air flow rate continuously by it (claim 5). 
[0015] 

When establishing the above-mentioned thermometry means, a limiter means to restrict so that the OAT measured 
value inputted into said control means may not exceed the upper limit set up beforehand can be established (claim 6). 
[0016] 

[Embodiment of the Invention] 

Next, a drawing explains the gestalt of operation of this invention. Drawing 1 is the process-flow Fig. showing the 
gestalt of operation of the air dryer concerning this invention. The demarcation membrane module 1 has the structure 
which held the hollow filament demarcation membrane in the container like what is shown in drawing 8 , the piping 10 
from an air compressor is connected to the inlet-port section 6, and the piping 1 1 to a load system is connected to the 
outlet section 7. 
[0017] 

The purge piping 12 which branches from piping 1 1 is connected to the purge air supply section 8 which is open for 
free passage to secondary [ of the demarcation membrane module 1 ], and a flow control means 20 by which a flow rate 
can be adjusted continuously [ an electromotive control valve and oil pressure controller control valve or a pneumatic 
pressure type control valve ] is formed in the purge piping 12. In order to supervise the dew-point of the dry air which 
flows piping 1 1, the psychrometry means 21, such as a humidity (relative humidity) measurement transmitter, are 
formed in piping 11, and the detection value is transmitted to a control means 22 as an electrical signal. In addition, the 
dew-point measurement transmitter constituted instead of the psychrometry transmitter so that a direct dew-point might 
be measured may be used. 
[0018] 

A control means 22 is constituted by the microcomputer equipment containing CPU (central processing unit), the 
storage section, the I/O section, etc., and predetermined control action is performed by the control program stored in the 
storage section. 

A control means 22 compares the psychrometry value from the psychrometry means 21 with the humidity set point set 
up by the humidity setter 23, and it outputs the control signal which changes continuously to the flow control means 20 
so that a psychrometry value may be in agreement with the humidity set point. 
[0019] 

That is, a psychrometry value and the humidity set point subtract like illustration, the deflection is inputted into a 
control section 24, and a control section 24 outputs the control signal which changes continuously to the flow control 
means 20 so that the deflection may become zero. In addition, the control section 24 in a control means 22 is 
constituted by the control program in software, and the operation of the deflection is also performed according to a 
control program. And the control action of a control section 24 is constituted so that proportional control (P control), 
proportional-plus-integral control (PI control), or proportional plus integral plus derivative control (PID control) can be 
chosen. In addition, the input sections, such as a keyboard which is the peripheral device of microcomputer equipment, 
can constitute the humidity setter 23. 
[0020] 

here - the deflection of a psychrometry value and the humidity set point — e and time amount — T and a proportionality 
constant - Kp and the derivative time - Td and a control output - m and the base value of a control output - mO ** ~ 
if it carries out, the control output m of a control section 24 In P control, in the case of m=Ke+m0 and PI control, it is 
m=K(e+l/T-integraledt+Td-de/dt)+mO in the case of m=K(e+l/T and integraledt)+m0 and PID control. It becomes. 
[0021] 

Drawing 2 is drawing showing one example of the control result by the above-mentioned control means 22. If the 
control means 22 has chosen PI control and a psychrometry value falls from the humidity set point like illustration, 
according to the deflection e, the opening of the flow control means 20 falls continuously like illustration by PI control 
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actuation. If deflection decreases gradually as a result, as for a control means 22, the flow control means 20 will be 
gradually returned to the opening of a basis. Although humidity produces some overshoot in the process, the extent is 
remarkably controlled compared with the conventional approach shown in drawing 10 . In addition, generally, when P 
control is chosen, it becomes large a little, but this overshoot may be able to be further controlled, when PID control is 
chosen. 
[0022] 

Drawing 3 is the process-flow Fig. showing the gestalt of other operations of the air dryer concerning this invention. In 
this example, the point using the hydrometry value of the air which should be dehumidified besides the psychrometry 
value of dry air etc. differs from the example of drawing 1 on the occasion of humidity control. Therefore, the same 
sign is given to the same part as drawing 1 , and the overlapping explanation is omitted. 
[0023] 

In order to measure the flow rate, the pressure, the temperature, and the humidity of the piping 10 for which the air 
which should be dehumidified circulates, the thermometry means 32, such as the pressure survey means 31, such as the 
hydrometry means 30, such as a flow-meter type and a capacity type flow rate transmitter, a bellows type, and a 
Bourdon-tube type pressure survey transmitter, a thermocouple type, and a resistance type thermometry transmitter, 
and said psychrometry means 21 and the same psychrometry means 33 establish, these measured value transmits to a 
control means 22, and it considers as the parameter for control. In addition, according to the situation of a process, at 
least one of each [ these ] measurement means can be chosen and prepared in fact. 
[0024] 

Furthermore, by request, a psychrometry means 35 to measure the humidity of a thermometry means 34 to measure the 
temperature of the open air, and the open air, instead of said thermometry means 32 and psychrometry means 33 can be 
established, those measured value can be transmitted to a control means 22, and it can also consider as the parameter 
for control. 
[0025] 

Fluctuation of the flow rate of the air which should be dehumidified, a pressure, temperature, humidity, etc. affects the 
dehumidification capacity of a demarcation membrane module. For example, since the required amount of 
dehumidification will increase if an air flow rate increases, when a purge air flow rate is fixed, the humidity (dew- 
point) of the dry air which flows out of piping 1 1 rises. Moreover, when the pressure of air, temperature, humidity, etc. 
rise, the humidity of dry air rises similarly. 
[0026] 

Since the psychrometry value from the psychrometry means 21 formed in piping 1 1 as mentioned above is inputted 
into the control means 22, if the humidity of dry air rises, a control means 22 will output the control signal which 
changes continuously to the flow control means 20 so that it may be returned. However, there is a time lag (time lag) in 
fluctuation of the flow rate of the air which should be dehumidified, a pressure, temperature, humidity, etc. appearing 
as humidity of dry air considerably. Therefore, when these fluctuation takes place rapidly, the humidity of dry air will 
overshoot greatly from the humidity set point. 
[0027] 

With the gestalt of this operation, in order to control such overshoot as much as possible, measured value, such as a 
flow rate of the air which should be dehumidified as mentioned above, a pressure, temperature, and humidity, is 
transmitted to a control means 22, and preview control for preventing generating of big overshoot is performed. That is, 
it regards as what the humidity deflection proportional to the change rate of these measured value produced 
temporarily, and it constitutes so that the control signal with which a control means 22 is beforehand changed for the 
flow control means 20 may be outputted. 
[0028] 

Drawing 4 is a block diagram explaining the control system of the control means 22 of drawing 3 . The output signal of 
the hydrometry means 30, the pressure survey means 31, the thermometry means 32, and the psychrometry means 33 is 
inputted into the parameter conversion means 36-39 which consist of a differential circuit, respectively, and the output 
signal of these parameter conversion means 36-39 is added. On the other hand, the psychrometry value from the 
psychrometry means 21 is compared with the humidity set point set up by the humidity setter 23 as mentioned above, 
and the above-mentioned aggregate value is subtracted and added by the deflection (e) as deltae. In addition, these 
parameter conversion means 36-39 and addition-and- subtraction actuation are based on the control program beforehand 
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stored in the storage section of a control means 22, are soft, and are constituted, and are performed. 
[0029] 

The condition of having subtracted and added deltae which this generated with parameter change of said flow rate etc. 
to drawing 5 to deflection e is shown as time amount progress. For example, if the flow rate of the air which should be 
dehumidified increases rapidly in tl, it is inputted into a control section 24, and by it, +deltae (the same signal as 
humidity rose) generated in differential will output the control signal which changes with PI, PBD control, etc. to the 
flow control means 20 continuously, will increase purge air, and will equip a humidity rise of subsequent dry air with a 
control means 22. Moreover, when said flow rate falls rapidly in t2, it decreases to the above and reverse and the 
humidity fall of subsequent dry air is equipped with purge air at them. And also when other parameters are changed, 
preview control by the same approach is performed. In addition, the deflection e at the time of normal control action 
being performed is maintained a zero condition or near zero. 
[0030] 

Also when establishing a psychrometry means 35 to measure the humidity of a thermometry means 34 to measure the 
temperature of the open air by request, and the open air, instead of said thermometry means 32 and psychrometry 
means 33, the same preview control as the above is performed. That is, a rise of an OAT also raises the temperature of 
the air which pressurizes the open air with an air compressor, and is sent and which should be dehumidified. The 
humidity of the air which should be dehumidified if the humidity of the open air rises similarly also rises. So, in 
performing preview control using these parameters, it connects the output of the thermometry means 34 and the 
psychrometry means 35 to a control means 22 like the dotted line of drawing 4 . 
[0031] 

Drawing 6 is the control -block Fig. showing the principal part of the gestalt of still more nearly another operation of the 
air dryer concerning this invention. Although not shown in drawing 6 , also in the gestalt of this operation, the same 
demarcation membrane module 1 as drawing 1 was used, the flow control means 20 of illustration was formed in the 
purge piping 12, and the psychrometry means 21 of illustration is formed in the piping 1 1 which sends dry air to a load 
system. Furthermore, with the gestalt of this operation, a thermometry means 34 to measure an OAT, the temperature- 
gradient setter 40, and the humidity dew-point conversion means 41 are established, and a limiter means 42 to set up 
the upper limit of the OAT measured value inputted into a comparator circuit if needed is established. 
[0032] 

The purpose which manages the humidity (dew-point) of dry air is for not making the interior of the piping 1 1 to a load 
system generate dew condensation etc. as mentioned above. Depending on the internal and external temperature 
gradient of piping 1 1, when an OAT is high, as for this dew condensation, a dew-point also goes up. Then, in order to 
manage the humidity (dew-point) of dry air so that dew condensation may not be generated in piping 1 1 through every 
year, it is necessary to set it as humidity (dew-point) lower than it on the basis of the winter when an OAT is the 
lowest. 
[0033] 

However, it is necessary to heighten the dehumidification capacity of a demarcation membrane module according to it 
for making a humidity (dew-point) setup low, therefore a purge air flow rate increases, and energy expenditure also 
becomes large. So, with the gestalt of this operation, it is controlling by the control means 22 to maintain the dew-point 
corresponding to the humidity of dry air to a value only with the difference always lower than an OAT set up 
beforehand. In addition, since humidity (relative humidity) and a dew-point have a correspondence relation, humidity is 
converted into a dew-point with the humidity dew-point conversion means 41 of illustration. This humidity dew-point 
conversion means 41 is based on the conversion program stored in the storage section of a control means 22, is soft and 
is constituted. 
[0034] 

Since there is also a possibility of producing a trouble in the additional equipment which consumes dry air when 
following and fluctuating the dew-point of dry air to an OAT as mentioned above, and an OAT becomes extremely 
high in a summer etc., and the dew-point of dry air is maintained not much highly according to the OAT, it is desirable 
to prepare an upper limit in the value of the dew-point which should be controlled. So, a limiter means 42 like 
illustration is formed in the output side of a thermometry means 34 to measure an OAT, and it constitutes from a gestalt 
of this operation so that the OAT measured value which had the upper limit restricted by the limiter means 42 may be 
inputted into a control section 24 and may be compared with said dew-point. In addition, the limiter means 42 is also 
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constituted by the control program in a control means 22. 
[0035] 

Next, when an operation of the control system of drawing 6 is explained, the psychrometry value from the 
psychrometry means 21 of dry air is converted into a dew-point value with the humidity dew-point conversion means 
41, and the dew-point value is compared with the OAT measured value from the limiter means 42. Furthermore, the 
compound value is compared with the temperature gradient beforehand set up by the temperature-gradient setter 40, 
and the compound value is inputted into a control section 24. By it, a control means 22 outputs a continuous control 
signal to the flow control means 20 so that the compound value may become zero, namely, the temperature which the 
dew-point converted from the humidity of dry air set up by the temperature-gradient setter 40 — a control means 22 
controls the flow control means 20 by control action, such as P control, PI control, and PID control, continuously so 
that only difference becomes low. 
[0036] 

Drawing 7 is drawing explaining the control action of the control means 22 of drawing 6 . For example, when an OAT 
rises like illustration with time amount, the humidity (dew-point) of dry air is automatically followed with a value low 
by the temperature gradient set up by the temperature setter 40. And since OAT measured value exceeds the value set 
up with the limiter means 42 at the time of t3, the OAT measured value beyond it is restricted uniformly, also follows 
the humidity of dry air at it, and does not rise. 

Thus, the humidity of dry air is followed at an OAT, by carrying out fluctuation control, use of useless purge air can be 

lost and consumption of energy can be controlled. 

[0037] 

[Effect of the Invention] 

As mentioned above, a control means outputs the control signal which changes continuously to the flow control means 
of purge air, and a flow control means is characterized by changing continuously the purge air flow rate of a 
demarcation membrane module, and carrying out humidity control by it so that the air dryer of this invention may 
become the value to which the humidity of the dry air obtained by the demarcation membrane module was set. 
Therefore, while the frequency of a flow control means of operation decreases and the life becomes long, big overshoot 
of humidity can be prevented and the dry air of high quality can be supplied adequately to a load system as a result. 
[0038] 

In the above-mentioned air dryer, P-action, PI control, or PBD action can be made to be able to carry out to said control 
means, and it can constitute a stable control system. 

Moreover, in the air dryer of one of the above, the set point of humidity can be made adjustable and it can perform a 

humidity setup of arbitration from the exterior of a control means. 

[0039] 

In the air dryer of one of the above, at least one of the hydrometry means about the air which should be dehumidified, a 
pressure survey means, a thermometry means, and the psychrometry means is prepared, and the deflection signal 
proportional to the change rate of these measured value is inputted into said control means, and it can constitute so that 
predictor control of the humidity of the dry air influenced by it by those change may be performed. Thus, when are 
constituted and the flow rate of the air which should be dehumidified, a pressure, temperature, humidity, etc. change 
rapidly, a purge air flow rate can be controlled a little early so that it does not affect the humidity of dry air greatly. 
[0040] 

Moreover, a control means outputs the control signal which changes continuously to a flow control means, and another 
air dryer concerning this invention is characterized by constituting so that a flow control means may change 
continuously the purge air flow rate of a demarcation membrane module with the control signal so that only the 
difference to which the dew-point value corresponding to the psychrometry value of the dry air discharged from a 
demarcation membrane module was beforehand set from OAT measured value may become a low value. Thus, if 
constituted, the humidity of dry air is followed at an OAT, by carrying out fluctuation control, use of useless purge air 
can be lost and consumption of energy can be controlled. 
[0041] 

When establishing the above-mentioned thermometry means and controlling humidity, a limiter means to restrict so 
that the OAT measured value inputted into said control means may not exceed the upper limit set up beforehand can be 
established. Thus, when are constituted and an OAT becomes extremely high in a summer etc., it controls that follow 
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the OAT and the dew-point of dry air becomes high too much, and trouble generating in the load system which 
consumes dry air can be prevented effectively. 
[Brief Description of the Drawings] 

[Drawing 1] The process-flow Fig. showing the gestalt of operation of the air dryer concerning this invention. 

Prawing 2] Drawing showing one example of the control result by the control means 22 of drawing 1 . 

[Drawing 3] The process-flow Fig. showing the gestalt of other operations of the air dryer concerning this invention. 

[Drawing 4] The block diagram explaining the control system of the control means 22 of drawing 3 . 

[Drawing 5] Drawing showing the relation which subtracted and added deltae generated according to it to deflection e 

as time amount progress with parameter change of the flow rate in the control system of drawing 4 etc. 

[Drawing 6] The control-block Fig. showing the principal part of the gestalt of still more nearly another operation of 

the air dryer concerning this invention. 

[Drawing 7] Drawing explaining the control action of the control means 22 of drawing 6 . 

[Drawing 8] The sectional view of the demarcation membrane module using a hollow filament demarcation membrane. 

[Drawing 9] The process-flow Fig. of an air dryer part using the demarcation membrane module of drawing 8 . 
[Drawing 10] Drawing explaining the operational status of the air dryer of drawing 9 . 
[Description of Notations] 

1 Demarcation Membrane Module 

2 Container 

3 Hollow Filament Demarcation Membrane 

4 Five Supporter material 

6 Inlet-Port Section 

7 Outlet Section 

8 Purge Air Supply Section 

9 Purge Air Discharge Section 

10 11 Piping 

12 Purge Piping 

13 Closing Motion Valve 

14 Humidity Controller 

20 Flow Control Means 

21 Psychrometry Means 

22 Control Means 

23 Humidity Setter 

24 Control Section 

30 Hydrometry Means 

3 1 Pressure Survey Means 

32 Thermometry Means 

33 Psychrometry Means 

34 Thermometry Means 

35 Psychrometry Means 

36-39 Parameter conversion means 

40 Temperature-Gradient Setter 

41 Humidity Dew-point Conversion Means 

42 Limiter Means 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the air dryer equipped with the demarcation membrane module 1 which has the inlet-port section 6 which introduces 
into the upstream of a demarcation membrane the air which should be dehumidified, the outlet section 7 which 
discharges the dehumidified dry air from the upstream of a demarcation membrane, and the purge air supply section 8 
which supplies purge air to secondary [ of a demarcation membrane ], 

A psychrometry means 21 to measure the humidity of the dry air discharged from the demarcation membrane module 
1, a flow control means 20 to adjust the flow rate of the purge air to the purge air supply section 8, and a control means 
22 are established, 

Said control means 22 is an air dryer characterized by constituting so that the control signal which changes 
continuously may be outputted to said flow control means 20 so that the psychrometry value by the psychrometry 
means 21 may be in agreement with the humidity set point, and the flow control means 20 may change a purge air flow 
rate continuously by it. 
[Claim 2] 

It is the air dryer characterized by said control means 22 performing P-action, PI control, or PID action in claim 1. 
[Claim 3] 

The air dryer characterized by making said humidity set point adjustable in claims 1 or 2. 
[Claim 4] 

The air dryer characterized by constituting so that predictor control of the humidity of the dry air which at least one of 
the hydrometry means 30 about the air which should be dehumidified, the pressure survey means 31, the thermometry 
means 32, and the psychrometry means 33 is prepared in claim 1 thru/or either of 3, and the deflection signal 
proportional to the change rate of those measured value is inputted into said control means 22, and is influenced by it 
by those change may be performed. 
[Claim 5] 

In the air dryer equipped with the demarcation membrane module 1 which has the inlet-port section 6 which introduces 
into the upstream of a demarcation membrane the air which should be dehumidified, the outlet section 7 which 
discharges the dehumidified dry air from the upstream of a demarcation membrane, and the purge air supply section 8 
which supplies purge air to secondary [ of a demarcation membrane ], 

A psychrometry means 21 to measure the humidity of the dry air discharged from the demarcation membrane module 
1, a thermometry means 34 to measure an OAT, a flow control means 20 to adjust the flow rate of the purge air to the 
purge air supply section, and a control means 22 are established, 

Said control means 22 is an air dryer characterized by constituting so that the control signal which changes 
continuously may be outputted to said flow control means 20 so that only the difference set up beforehand may become 
a low value from the OAT measured value by thermometry means 34 by which the dew-point value corresponding to 
the psychrometry value by the psychrometry means 21 measures an OAT, and the flow control means 20 may change a 
purge air flow rate continuously by it. 
[Claim 6] 

The air dryer characterized by establishing a limiter means 42 to restrict so that the OAT measured value inputted into 
said control means 22 may not exceed the upper limit set up beforehand in claim 5. 
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